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Abstract 
Curriculum demands continue to increase on school education systems 
with teachers at the forefront of implementing syllabus requirements. 
Education is reported frequently as a solution to most societal problems 
and, as a result of the world’s information explosion, teachers are expected 
to cover more and more within teaching programs. How can teachers 
combine subjects in order to capitalise on the competing educational 
agendas within school timeframes? Fusing curricula requires the bonding 
of standards from two or more syllabuses. Both technology and ICT 
complement the learning of science. This study analyses selected examples 
of preservice teachers’ overviews for fusing science, technology and ICT. 
These program overviews focused on primary students and the 
achievement of two standards (one from science and one from either 
technology or ICT). These primary preservice teachers’ fused-curricula 
overviews included scientific concepts and related technology and/or ICT 
skills and knowledge. Findings indicated a range of innovative curriculum 
plans for teaching primary science through technology and ICT, 
demonstrating that these subjects can form cohesive links towards 
achieving the respective learning standards. Teachers can work more 
astutely by fusing curricula; however further professional development 
may be required to advance thinking about these processes. Bonding 
subjects through their learning standards can extend beyond previous 
integration or thematic work where standards may not have been assessed. 
Education systems need to articulate through syllabus documents how 
effective fusing of curricula can be achieved.  
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It appears that education is a key avenue for addressing societal needs, problems and 
issues. Education is promoted as a universal solution, which has resulted in curriculum 
overload (Dare, Durand, Moeller, & Washington, 1997; Vinson, 2001). Societal and 
curriculum demands have placed added pressure on teachers with many extenuating 
education issues increasing teachers’ workloads (Mobilise for Public Education, 2002). 
For example, as Australia has weather conducive for outdoor activities, social problems 
and issues arise that are reported through the media calling for action; consequently 
schools have been involved in swimming programs, road and bicycle safety programs, 
and a wide range of activities that had been considered a parental responsibility in the 
past. Teachers are expected to plan, implement and assess these extra-curricula activities 
within their already overcrowded timetables. At the same stage, key learning areas 
(KLAs) such as science and technology are mandatory requirements within all 
Australian education systems. These systems have syllabuses outlining levels of content 
and the anticipated learning outcomes (also known as standards, essential learnings, and 
frameworks).  
 
Time allocated for teaching science in obviously an issue. In 2001, it was estimated that 
on average the time spent in teaching science in Australian Primary Schools was almost 
an hour per week (Goodrum, Hackling, & Rennie, 2001). More recently, a study 
undertaken in the U.S. reported a similar finding. More than 80% of the teachers in K-5 
classrooms spent less than an hour teaching science (Dorph, Goldstein, Lee, et al., 2007). 
More importantly, 16% did not spend teaching science in their classrooms. Teachers need 
to learn to work smarter by optimising the use of their in-class time.  
 
Integration is proposed as one of the ways to address the issue of curriculum overload 
(Venville & Dawson, 2005; Vogler, 2003). Even though there may be a lack of 
definition for integration (Hurley, 2001), curriculum integration aims at covering key 
concepts in two or more subject areas within the same lesson (Buxton & Whatley, 2002). 
This implies covering the curriculum in less time than if the subjects were taught 
separately; therefore teachers should have more time to cover other educational issues. 
Expectedly, the reality can be decidedly different (e.g., Brophy & Alleman, 1991; 
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Venville & Dawson, 2005). Nevertheless, teachers report that students expand their 
knowledge and skills as a result of subject integration (James, Lamb, Householder, 
& Bailey, 2000). There seems to be considerable value for integrating science with other 
KLAs besides aiming to address teaching workloads. Over two decades ago, Cohen 
and Staley (1982) claimed that integration can bring a subject into the primary 
curriculum that may be otherwise left out.  
 
Integrating science education aims to develop a more holistic perspective. Indeed, life is 
not neat components of stand-alone subjects; life integrates subject content in numerous 
ways, and curriculum integration can assist students to make these real-life connections 
(Burnett & Wichman, 1997). Science integration can provide the scope for real-life 
learning and the possibility of targeting students’ learning styles more effectively by 
providing more than one perspective (Hudson & Hudson, 2001). To illustrate, technology 
is essential to science education (Blueford & Rosenbloom, 2003; Board of Studies, 1999; 
Penick, 2002), and constructing technology immediately evokes a social purpose for such 
construction (Marker, 1992). For example, building a model windmill requires science 
and technology (Zubrowski, 2002) but has a key focus on sustainability and the social 
sciences. Science has the potential to be integrated with all KLAs (e.g., Cohen & Staley, 
1982; Dobbs, 1995; James et al., 2000). 
 
Yet, “integration” appears to be a confusing term. Integration has an educational 
meaning focused on special education students being assimilated into mainstream 
classrooms. The word integration was used in the late seventies and generally focused 
around thematic approaches for teaching. For instance, a science theme about flight only 
has to have a student drawing a picture of plane to show integration; it did not connect 
the anticipated outcomes from science and art. The term “fusing curricula” presents a 
seamless bonding between two subjects; hence standards (or outcomes) need to be linked 
from both subjects. This also goes beyond just embedding one subject within another. 
Embedding implies that one subject is dominant, while fusing curricula proposes an 
equal mix of learning within both subject areas.  
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Primary education in Queensland has eight KLAs, each with its established content and 
each with a proposed structure for levels of learning. Primary teachers attempt to cover 
these syllabus requirements across the eight KLAs in less than five hours a day, and 
between many of the extra-curricula activities occurring throughout a school year (e.g., 
Easter activities, Education Week, concerts, excursions, performances). In Australia, 
education systems have developed standards for all KLAs (e.g., Education Queensland, 
NSW Department of Education and Training, Victorian Education) usually designated by 
a code. In the late 1990’s (in Queensland), “core learning outcomes” for strands across all 
KLA’s.   For example, LL2.1 for the Queensland Education science syllabus means Life 
and Living at Level 2 standard number 1. Thus, a teacher’s planning requires the 
inclusion of standards as indicated by the presiding syllabus. More recently, the core 
learning outcomes were replaced by “essential learnings”.  They specify “what students 
should be taught and what is important for students to have opportunities to know, 
understand and be able to do” (Queensland Studies Authority, 2009, para. 1).       
 
Fusing science education with other KLAs may facilitate more efficient use of time and 
resources; however this type of planning needs to combine standards from two 
syllabuses. To further assist in facilitating sound pedagogical practices, there are models 
proposed for learning science, technology and other KLAs such as Bloom’s Taxonomy 
(Bloom, 1956), Productive Pedagogies (Education Queensland, 2004), de Bono’s Six 
Hats (de Bono, 1985), and Gardner’s Multiple Intelligences (Gardner, 1999) that imply, 
warrant, or necessitate fused curricula. Bybee’s 5 Es, for example, has five levels of 
learning (engage, explore, explain, elaborate, and evaluate; Bybee, 1997) can have the 
potential for fusing science and ICT standards.  
 
Study Design 
Preservice teachers involved in a Bachelor of Education at an Australian university 
completed a primary science education coursework of one-semester duration.  The course 
structure involved a one-hour lecture, a one-hour tutorial, and a two-hour workshop each 
week.  Lecture topics included: Constructivism; The social nature of learning; Conceptual 
change; Problem-based inquiry; Instructional designs; and Designing units of work.  The 
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focus of workshops was the implementation of primary science lessons by preservice 
teachers working in pairs.  It was intended that preservice teachers would benefit from 
the experience of teaching science to their peers.  In tutorials, preservice teachers were 
assisted in the development of a detailed primary science unit.  The lesson presentation 
with related documentation and the science unit of work were assessable items in the 
course. This study focuses on preservice teachers’ planning for fused curricula (i.e., 
science with another KLA). These preservice teachers worked in pairs to develop fused 
curricula overviews. From a cohort of about 240 preservice teachers, examples of fusing 
science and ICT or technology were selected purposefully for the following discussion.  
 
Results and discussion 
Preservice teachers presented lessons that fused science and ICT or technology. When 
involving ICT most ideas focused on PowerPoint presentations. However, some 
preservice teachers expanded the ideas for teaching science using technology where they 
combined the science concepts with other web 2.0 technologies (such as podcasts and 
vodcasts). To illustrate the range of work presented, one pair of students used claymation 
to show the structure of the Earth. The Earth was formed using four different coloured 
pieces of plasticene (i.e., red plasticine for the inner core, orange for the outer core, blue 
for the mantle, and brown for the crust). These were not to scale or true colour, however, 
the hands-on experience allows primary students to think about and discuss the Earth’s 
structure.  
 
Most preservice teachers relied on websites for connecting to ICT standards. For 
instance, a pair of preservice teachers designed a science unit around “Natural Disasters”. 
They showed that meteorological websites present animations for primary students to 
understand key scientific concepts (e.g., volcanoes 
http://www.bom.gov.au/info/vaac/pinatubo.shtml or cyclones 
http://www.bom.gov.au/lam/Students_Teachers/cycmod.shtml). All the preservice 
teachers used the Internet for information purposes (e.g., 
http://www.ga.gov.au/urban/factsheets/earthquakes.jsp) 
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Incorporating ICT or technology aimed to consolidate scientific key concepts in these 
preservice teachers’ plans. The following example of a Year 5 science overview based on 
the human body shows the lesson topic, duration, scientific key concept, science teaching 
strategy (i.e., Bybee’s 5Es) with learner activities, ICT connection, and assessment (Table 
1). Although this particular example had key learning outcomes (achievement standards) 
these are different for every state and country hence omitted from this particular model. 
Nevertheless, standards are crucial to the argument of connecting science with ICT and 
will be included in a further example later on.  
 
In this example, ICT is used within the unit for both –instructivist and constructivist 
teaching and learning. The use of online vodcasts (e.g., Brainpop & youtube) and an 
interactive whiteboard creates an opportunity for the teacher to facilitate his or her 
teaching. These digital tools can enable teachers to explain the concepts with greater 
ease. Inclusion of an e-portfolio, PowerPoint presentations and claymations aims to 
enable students to demonstrate their understanding, and also facilitating “inquiry”, 
“creativity” and “communication” – all of which are attributes of “essential learnings” at 
a Year 5 level. The suggested use of ICT in this instance has been fused with science – it 
has not been implemented as an add-on activity. Highlighting the connection between 
outcomes and assessment, ICT was also embedded as part of the assessment design 
(Table 1).     
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Table 1: Designing science and ICT lessons for understanding key concepts 
Systems of the Human Body – Year 5 
Lesson, 
Duration,  
Topic 
Key Concept Bybee’s 5Es &  Learner Activities ICT Assessment 
1. (40 mins): 
Introduction to 
human body. 
Structure of 
skeletal system. 
The bones of the 
human skeleton 
work together and 
have a specific 
structure. 
(Engage) Students learn about 
the types of bones and their 
structure using a model human 
skeleton and worksheets. 
Observe a short video on the 
skeletal system. 
Brainpop video: 
http://www.brainpo
p.com/health/bodys
ystems/skeleton/  
Recall bones in 
the skeleton. 
Successful 
completion of 
worksheet (Add 
to portfolio). 
2. (40 mins): 
Why our bones 
are strong. 
Specific minerals 
provide strength for 
our bones. 
(Explore) Students see the effect 
of removing calcium and water 
from bones.  
Vodcast of the 
experiment with 
clear instructions. 
Students identify 
different minerals 
within bones. 
3. (Full day): 
Muscle-mania. 
Different muscles 
have different 
functions within the 
body. 
Excursion to Queensland 
Academy of Sport – Students 
learn about the muscular system 
whilst completing excursion 
workbook. 
Excursion 
workbook and use 
ICT facilities at 
Queensland 
Academy of Sport. 
Completion of 
exc. workbook 
(Add to 
portfolio). 
Participation 
throughout day. 
4. (40 mins): 
Muscles at 
work. 
Muscles work in 
pairs to produce 
different body 
movements. 
Students hypothesise how 
muscles work together. Students 
perform specific physical 
activities and record muscle 
actions. 
Use digital camera 
to collect data.  
Students’ verbal 
interaction, group 
problem solving 
skills, sketches, 
and revision of 
hypothesis.  
5. (60 mins): 
What’s in our 
stomach? 
The digestive 
system stores foods 
according to their 
nutritional value. 
Guest speaker (Dietician) 
explains functions of the 
digestive system including how 
humans gain nutrition from 
foods.  
Guest speaker uses 
interactive 
whiteboard to 
demonstrate the 
digestive system. 
Students create a 
healthy diet for a 
school week and 
justify decisions. 
(Add to portfolio) 
6. (40 mins): 
Healthy habits. 
Foods can be 
grouped by their 
nutritional content. 
Students test different types of 
foods to identify their nutritional 
value and categorise them by 
their nutritional content.  
Using an Excel file 
to register results 
and then graph. 
Pop quiz on 
nutritional value 
of specific foods. 
7. (40 mins): 
Breath in, 
breath out. 
The diaphragm 
works to control our 
breathing. 
Students use balloons and other 
materials to build their own 
models of the respiratory system 
to explore the breathing process. 
Take sequential 
digital pictures to 
explain concepts. 
Students build a 
model of lungs 
and explain the 
breathing process. 
8. (60 mins): 
Lung capacity. 
Lung capacity 
differs from person 
to person. 
(Explain) Students measure lung 
capacity with balloons in groups 
and make predictions relating to 
their capacities.  
Use Excel to enter 
data and graph 
results. 
Students present 
data to class and 
reflect upon the 
accuracy of their 
predictions. 
9. (80 mins): 
Circulation 
motivation. 
 The circulatory 
system has various 
functions throughout 
the body.  
(Elaborate) Students watch 
video on circulatory system then 
use the Internet and library 
resources to explore ideas and 
concepts about the circulatory 
system. 
Library resources. 
Internet. Video: 
http://youtube.com/w
atch?v=4jmAee_m7f
0  
Collected 
information 
presented in a 
detailed concept 
map (created 
using Inspiration 
or Freemind) .  
10. (40 mins): 
Conclusion to 
the human 
body. 
Each system of the 
human body has its 
own specific 
function and 
purpose. 
(Evaluate) Students reflect on 
their own learning with an ICT 
presentation to the class on one 
human body system (Students to 
present in groups of 3).  
Presentation (e.g., 
PowerPoint, 
animations, 
claymation, digitial 
images photos). 
ICT presentation. 
Students’ 
portfolio with 
completed 
worksheets from 
unit. 
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Other models of fused curricula can also be applied. Figure 1, for example, shows the 
connection between the science concepts around “The Water Cycle” and other key 
learning areas (KLAs). Each KLA activity is linked to a state syllabus outcome 
represented by codes such as TCC 4.1 and INF 4.1.  These syllabus outcomes 
demonstrate the connection to the KLA and the science; hence fusing of two curricula 
areas. This is far more than thematic or topical work. It targets outcomes that must also 
be assessed. A teacher can plan to assess two KLA outcomes, each with equal weighting, 
within one lesson.   
  
Figure 1: Linking state syllabus outcomes to science concepts 
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Table 2 shows a planning relationship between science and technology and the use of 
syllabus outcomes (e.g., science LL3.1 & technology INF3.1).   
 
Table 2: Fusing science and technology standards 
Coral Reefs 
Standard, 
Duration, 
Bybee’s 5Es  
Science lesson Technology  Assessment 
LL3.1 
1 hr 
ENGAGE 
Introductory lesson. Interactive approach: Students 
articulate their prior knowledge about coral reefs and 
in small groups record what they would like to know. 
Transmission approach: Teacher displays a chart 
about coral reefs; discusses the unit overview and 
organisation matters (e.g., resources, excursion). 
(INF3.1) Paper and 
markers to be used by 
students for scribing 
discussions. 
Diagnostic: Record 
students’ prior 
knowledge and what 
they would like to 
learn.  
LL3.1 & 3.4 
1½ hrs 
EXPLORE 
Introduction to coral reefs. Interactive and 
transmission approaches: Class discussion: What is a 
coral reef? Where are coral reefs found? What makes 
up a coral reef? Teacher talks about the coral reef as 
an ecosystem and what makes up a coral reef 
ecosystem. Students write key points about the Great 
Barrier Reef YouTube video then discuss.  
(INF3.2) Posters, books, 
pictures, and a Great 
Barrier Reef Youtube 
video 
http://www.youtube.co
m/watch?v=4HhyHswjl
J8. 
Formative: Students’ 
participation. Students’ 
recording of key points 
about the Great Barrier 
Reef and discussions. 
LL3.1 & 3.4 
1½ hrs 
 
EXPLORE 
Life on the reef. Discovery approach: Life on a reef 
– living and non-living. Workstations where groups 
work together to complete activities, and do this by 
finding information in the resources provided at each 
workstation. Groups are asked to present their 
research information to peers. 
(TP3.3) Workstations 
resources include a 
variety of informative 
posters, videos, visuals, 
books, and Internet. 
Formative: Students’ 
group work. Students’ 
written work and 
discussion of new 
knowledge. 
LL3.2 
1 hr 
EXPLORE 
Interactions between living things. Interactive and 
transmission approaches: Students learn about food 
chains/webs and the role that each organism plays 
(i.e., producer, consumer and decomposer). Construct 
a coral reef food chain. 
(INF3.1) Paper, 
coloured pencils. 
Discuss food chains and 
the roles of organisms.  
Formative: Students’ 
construction of a food 
chain. Students’ 
working ethics. 
LL3.2 
1 hr 
EXPLORE 
Changes in an organism over time. Discovery 
approach: The students view Brainpop video then 
work in groups to discuss and draw reef life cycles.  
(INF3.2) Brainpop 
video 
http://www.brainpop.co
m/science/. 
Formative: Students’ 
life cycle diagrams. 
LL3.1& 3.3 
All day 
EXPLORE 
Excursion to Underwater World. Interactive 
approach: Students investigate living and non-living 
components on a reef, interact with a marine 
biologist, record investigations about coral reefs. 
(INF3.1) Students have 
an activity booklet to be 
completed by the end of 
their excursion. 
Formative: Students’ 
work on their reef 
investigations. 
LL3.1 & 3.3 
1½ hrs 
EXPLORE 
Dangerous reef creatures. Discovery and interactive 
approaches: Teacher discusses concepts about 
dangers on a reef. Small groups of students 
investigate a dangerous reef creature through books 
and the Internet, and present their findings. 
(INF3.1) Informative 
photos, Internet, books 
and charts. 
Formative: Students’ 
participation. 
Summative: Students’ 
written work and class 
presentations. 
LL3.5 
1 ½ hrs 
EXPLORE 
AND 
ELABORATE 
Sustainability. Interactive approach: Students 
identify threats to coral reefs and identify ways for 
sustaining reef life. Students construct a poster that 
displays a single strategy for sustaining coral reefs. 
(INF3.2) Youtube - 
crown of thorn starfish 
http://www.youtube.co
m/watch?v=toAdCtHX
qsE. 
Formative: Students' 
participation. 
Summative: Students' 
poster. 
LL3.5 
1 hr 
EVALUATE 
Sustainability. Interactive approach: Considering 
strategies from the previous lesson, students construct 
a multimedia presentation expressing their concern 
about a coral reef and propose sustainable solutions.  
(TP3.2) Multimedia 
presentation 
Summative: 
Presentation of 
students’ scientific 
evidence and ICT 
knowledge and skills. 
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Other preservice teachers planned the use of Microsoft Word packages for primary 
students to design a communication genre such as brochures, pamphlets, posters, 
newsletters, and research reports that focus on science education concepts. Fusing science 
and technology was met with activities such as students designing their own boats to 
evaluate the properties of density and buoyancy and students designing, building and 
flying paper airplanes using their own or others’ knowledge to appraise the forces that 
affect flight (outcome link to technology MAT 4.2). Many technology links to science 
explored the inventiveness towards problem solving, for instance, creating a water-saving 
device and marketing it or designing a device to clean up oil spills (TP 4.1). These 
devices would require an understanding of the science concepts to adequately design an 
effective technology.  
 
Technology plans were also used for students to demonstrate the science concepts. For 
example, students create a brochure using Microsoft Publisher, which describes common 
problems of the digestive system (TP 3.1) or students create a scientific diagram of a 
chicken’s life cycle using “Kid Pix” (INF3.2). These preservice teachers considered ways 
in which students can work with technology that may aid their understandings of the 
scientific concepts. These lesson designs draw upon the creative thinking of the 
preservice teachers with the available resources to tackle key concepts with hands-on 
activities (e.g., students plan, produce and edit a clay animation of a food chain under the 
sea). 
 
Conclusion  
Teachers’ workloads have increased with curriculum overload highlighted within teacher 
education reviews (e.g., Vinson, 2001). Australia is developing national curricula for all 
subject areas with a focus on developing “achievement standards” (National Curriculum 
Board, 2008). In order to more effectively manage the loads requires an astute fusion of 
curricula that does not compromise one KLA or another. Fusing curricula provides new 
perspectives and allows learning to occur in a real-world context instead of isolated 
subject areas.  
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There is another point to consider: standards and assessments need to be inextricably 
linked and consideration must be given to the selection of one or more standards per 
lesson. For example, teaching a science lesson to a class of thirty students will require 
assessing these students on a standard, therefore: 30 students x 1 standard = 30 
assessments. Teaching more than one standard therefore increases the number of 
assessments, to illustrate: 30 students x 4 standards in a 50-minute lesson, which equates 
to 120 assessments. So teachers will need to be very selective with their standards or 
outcomes. There may well be four standards that suit a particular lesson, nevertheless, a 
teacher’s decision is to select the most appropriate standard for a lesson based on this 
question: What standards do I want to assess in this lesson?  
 
Science is within all elements of our society. At the unit development level, science can 
be fused with any subject. The fusion of science and art, science and physical education, 
and science and social science can broaden students’ opportunities for learning by 
providing educational insights. In English-speaking countries, English and mathematics 
have key positions in education. Investigating science requires the use of English and 
mathematics. Simple science activities determining how plants grow will require a level 
of literacy (e.g., talking, listening, reading, and/or writing, which can include 
diagrammatic representations). Measurements can assist to make a scientific argument or 
draw scientific conclusions, occurring throughout an investigation; for instance, 
measuring variables at the beginning of the project and then measuring the height of 
stems, counting the number of leaves, determining the area of leaves, recording 
temperatures at various times during and at the conclusion of the project. English and 
mathematics can facilitate students’ scientific learning, particularly for communicating 
their understandings. Yet, ICT and other technologies are essential tools and resources 
that can assist students in their scientific investigations.  
 
Learning standards from ICT and technology can be readily fused with science standards. 
Indeed, ICT technology need content and a context, which can be drawn from scientific 
concepts and science education. Preservice teachers need to develop creative thinking 
that draws upon existing resources and combines subject areas for a more complete 
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educational experience. It is desirable that preservice teachers plan unit overviews that 
fuse curricula to capitalise on time and resources, and allow students to make the 
connections for real-world learning.  
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